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INTRODUCTION
Humans are exposed to a wide range of N-nitrosocompounds (NOCs) from diet, tobacco smoking, work place and drinking water [1, 2] , which are the major source of exposure in the general population [3] . Preformed exogenous nitrosamines are found mainly in cured meat products, smoked preserved foods, foods subjected to drying by additives such as malt in the production of beer and whiskey, pickled and salty preserved foods [2] . Available data suggest that nitrosamines are found more frequently and at higher concentration in Asian foods than in Western foods [4] . On the other hand, nitrosamines are formed endogenously from nitrate and nitrite. Although the levels have reduced during the last 20 years, sodium nitrites are still widely used as food preservatives in cured meat products. Nitrite is also formed in the human body from oral reduction of salivary nitrate. Vegetables and water are the main sources of nitrate intake. Nitrites are transformed into nitric oxide by gastric acid-catalysed formation, which acts as an nitrosating agent of amines and amides, as consequence of NOC [2] . Under chronic infl ammatory conditions, such as precancerous conditions of gastric cancer (GC) and oesophageal cancer (OC), nitrosating agents are overproduced [1] . Studies in volunteers have shown that red meat intake has a consistent dose response in the endogenous formation of NOC measured in faecal samples, while white meat intake has no effect [5] .
ESOPHAGEAL CANCER
Nitrosamine and related food intake and gastric and oesophageal cancer risk: A systematic review of the epidemiological evidence So far, there is no conclusive epidemiological evidence that nitrosamines are carcinogenic to humans, although they produce a wide range of tumours in more than 40 animal species tested [6] . Two important nitrosamines, namely N-nitrosodiethylamine (NDEA) and N-nitrosodimethylamine (NDMA), are classified as probably carcinogenic to humans (group 2A) by International Agency for Research on Cancer (IARC) [7] . One previous comprehensive review on nutrition and cancer [8] concluded that there is convincing evidence that the consumption of the Chinese salted-dry fish is causally associated with the risk of nasopharyngeal cancer with their nitrosamine content being the most plausible agent. Evidence of an increasing cancer risk due to N-nitrosamine and cured meat intake is considered insufficient for GC and possible for OC [8] . A previous review of dietary nitrates, nitrites and NOC and risk of nasopharynx, oesophagus, stomach, pancreas, colorectal and brain cancer concluded that epidemiological evidence related to GC and other tumours remains inconclusive, although the strongest evidence pointed to an increased risk of nasopharyngeal and oesophageal cancer in subjects exposed to high dietary NOC levels [9] . Several foods, such as processed meat and dried salted fish, which are sources of nitrites and/or nitrosamines, are also important sources of salt. Salt produces an infl ammatory process leading to damage of the protective stomach mucosa and increases the risk of stomach cancer [8] . H pylori infection may be related to salt and NOC, in enhancing carcinogenesis after the epithelium is damaged [8] .
The aim of this article is to review and evaluate the available epidemiological evidence about the association between dietary exposure to preformed nitrosamine and related food intake and gastric and oesophageal cancer risk in humans.
MATERIALS AND METHODS

Inclusion criteria
Epidemiological studies (case-control or cohort studies) published between 1985 and 2005 evaluating the relationship between nitrosamines, NDMA, nitrites, food sources of exogenous and endogenous nitrosamines, and oesophageal or gastric cancer risk in males and females were included in the study. Experimental studies were not considered.
Search strategy
We conducted electronic searches in MEDLINE and CANCERLIT databases from 1985-2005. The search strategy included the following terms "oesophageal", "gastrointestinal" "gastric", "stomach", "upper aero digestive tract", "cancer", "nitrosamines", "NOC", "NDMA", "processed meat", "meat", "intake", "salted fi sh", "dietary patterns", "nitrites" and " diet". The search was supplimented with references included in recovered papers that were not identified in the electronic search. References contained in recent reviews of the literature were also consulted [10] . 
Data extraction
The following information was gathered from the original publications: study data (author, journal, year, country); epidemiologic design including type of study, number of subjects, follow-up (years), number of cases/controls, type of controls; diet including type and quality of dietary assessment method, number and type of food items; results including the most fully adjusted odds ratio or rate ratios and 95% confidence intervals for the highest and lowest categories of compound/food intake used from each included article. Covariates included in the analysis were also evaluated.
Exposure defi nition and classifi cation
Since information about gastric cancer and NOC and their precursors was heterogeneous, sources of exposure were classifi ed into two groups: nitrosamines and nitrites; food sources of endogenous (red meat) and exogenous (processed meat, beer, pickled and dried vegetables, smoked fish or meat, salted and dried fish or meat) nitrosamines. The odds ratio for each study was plotted in the included Figures, using symbols whose size was proportional to the study size.
RESULTS
Study characteristics
A total of 75 publications potentially eligible for inclusion in this review, were identifi ed. After a detailed examination, in which some papers with duplicate or inappropriate information were detected and excluded, 63 studies were finally selected [78] [79] [80] . Of these, 52 studies were casecontrol studies and 11 were cohort studies. Most of them were carried-out in Asia (35%), Europe (30%), and USA (23%).
Dietary intake of nitrosamines or nitrites
Cohort studies: We found 2 cohort studies [11, 12] with information on GC and nitrites, nitrosamines or both ( Figure 1 ). In relation to nitrites, one found a positive but not significant association [12] while the other found Van loon [12] (1998)-The Netherlands GASTRIC: CASE-CONTROL 1 Risch [17] (1985)-Canada 1 La Vecchia [14] (1995)-Italy 1 De Stefani [18] (1998)-Uruguay 1 Pobel [19] (1995)-France 3 Gonzalez [20] (1994)-Spain 2 La Vecchia [14] (1995)-Aital 2 Pobel [19] (1995)-France 2 Buiatti [13] (1990)-Italy 2 Gonzalez [20] (1994)-Spain 2 La Vecchia [15] (1997)-Italy 2 Mayne [16] (2001)-USA 2 Risch [17] (1985)-Canada OESOPHAGEAL: CASE-CONTROL 2 Mayne [16] (2001)-USA 2 Rogers [21] (1995)-USA 1 Rogers [21] no association [11] . Only one cohort study investigated the association between NDMA and GC and found no association [11] . We did not find any cohort studies investigating the relationship between nitrosamine or nitrite intake and OC. Case-control studies: We found 8 case-control studies with information on GC and nitrites, nitrosamines or both [13] [14] [15] [16] [17] [18] [19] [20] (Figure 1 ). Among the 7 studies on nitrites and GC [13] [14] [15] [16] [17] 19, 20] , 5 showed a positive association [13, [15] [16] [17] 20] and 3 achieved statistical signifi cance [15] [16] [17] . Two of them [15, 16] were large studies, adjusting for all relevant confounding factors. In relation to nitrosamine intake and GC, among the 5 studies published [14, [17] [18] [19] [20] , 4 found a positive association which was statistically significant (SS) in 3 of them [18] [19] [20] . We found only 2 case-control studies reporting results in relation to OC which showed no association with nitrite intake [16] or no signifi cantly positive association with nitrite and NDMA intake [21] ( Figure 1 ).
Dietary intake of food sources of exogenous and/or endogenous nitrosamines
Cohor t studies: We found 8 cohort studies with results about GC risk and food sources of exogenous nitrosamines and/or foods than could enhance their endogenous formation [22] [23] [24] [25] [26] [27] [28] 43] (Figure 2 ). Only 3 studies reported results in relation to red meat intake. A positive and statistically significant association was observed with pork in one large study [26] while no association was found in the other studies with few GC cases [25, 28] . In relation to high processed meat intake, 6 studies reported results [22, 23, [26] [27] [28] 43] but the association was positive and SS was found only in 2 studies [22, 28] .The largest study [27] did not observe any association, but it was a study based on mortality cases with a relatively small number of food items included in the Food frequency questionnaires (FFQ). Salted, dried or preserved fish intake was associated (but not significantly) with GC risk only in one of the 5 cohort studies reporting results [23] [24] [25] [26] 28] , but in most of them the number of GC cases was too small. For pickled and dried vegetables, 3 studies found positive association but none of them achieved statistical significance [23, 25, 26] .
In the largest study [26] the risk was borderline signifi cant, but in the others the number of cases was too small. In relation to OC, ( Figure 4A ) we found 2 cohort studies [29, 30] reporting results associated with meat intake, which were positive and SS in one study [29] , while no association was observed regarding pickled vegetables. Cases-control studies: We found 16 case-control studies Preserved fi sh, smoked foods, preserved vegetables and beer consumption and Gastric cancer (case-control studies); (c) Preserved fi sh: (c1) salted/dried fi sh (c2) salted fi sh (c3) processed fi sh (c4) dried fi sh (c5) preserved fi sh (d) Smoked foods: (d1) smoked meat (d2) smoked foods (d3) smoked/pickled (d4) smoked fi sh (e) Preserved vegetables: (e1) pickled vegetables (e2) dried vegetables (e3) salted vegetables (e4) preserved vegetables (f) Beer. [28] (2002)-Japan (a1) Inoue [25] (1996)-Japan (a2) Ito [26] (2002)-Japan b: Processed meat (b1) Takezaki [43] (2001)-China (b2) Ito [26] (2003)-Japan (b2) Galanis [23] (1998)-USA (b2) Mc Cullough [27] (2001)-USA (b3) van den Brant [22] (2003)-The Netherlands (b2) Ngoan [28] (2002)-Japan c: Preserved fi sh (c1) Inoue [25] (1996)-Japan (c2) Ito [26] (2003)-Japan (c3) Ngoan [28] (2002)-Japan (c4) Galanis [23] (1998)-USA (c2) Kato [24] (1992)-Japan e: Preserved vegetables (e1) Ito [26] (2003)-Japan (e1) Galanis [23] (1998)-USA (e1) Inoue [25] (1996)-Japan OR (95% CI) [51] (2001)-Venezuela (a1) González [34] (1991)-Spain (a6) Ji [44] (1998)-China (a3) Kono [32] (1988)-Japan (a1) Takezaki [39] (2002)-China (a1) Nishimoto [54] (2002)-Brazil (a6) Harrison [35] (1997)-USA (a1) Boeing [33] (1991)-Poland (a6) Correa [31] (1985)-USA (a6) Ji [44] (1998)-China (a1) Takezaki [43] (2001)-China (a4) Rao [40] (2002)-India (a5) Ward [36] (1997)-USA (a2) Correa [31] (1985)-USA (a4) Mathew [38] (2000)-India (a6) Chen [42] (2002)-USA (a6) Zhang [45] (1997)-USA (a1) Ward [37] [44] (1998)-China (b2) Ji [44] (1998)-China (b4) Hansson [46] (2002)-Sweeden (b1) Takezaki [43] (2001)-China (b2) De Stefani [18] (1998)-Uruguay (b5) Hansson [46] (2002)-Sweeden (b6) González [34] (1991)-Spain (b2) Harrison [35] (1997)-USA (b4) Boeing [33] (1991)-Poland (b2) Ward [36] (1997)-USA (b2) Chen [42] (2002)-USA (b2) Nomura [55] (2003)-Hawaii (b2) Boeing [49] (1991)-Germany (b6) Lee [48] (1990)-Taiwan, China (b2) Zhang [45] (1997)-USA (b2) Ward [37] (1997)-USA (b1) Lee [48] [32] (1988)-Japan (c4) Mathew [38] (2000)-India (c5) González [34] (1991)-Spain (c2) Takezaki [43] (2001)-China (c2) Lee [56] (2003)-Korea (c4) Rao [40] (2002)-India (c2) Cai [41] (2003)-China d: Smoked foods (d1) Risch [17] (1985)-Canadá (d2) Correa [31] (1985)-USA (d3) Ramon [47] (1993)-Spain (d4) Risch [17] (1985)-Canadá e: Preserved vegetables (e1) Machida-Montani [57] (2004)-Japan (e4) Ji [44] (1998)-China (e3) Ye [52] (1988)-China (e1) Cai [41] (2003)-China (e4) Ji [44] (1998)-China (e1) Sriamporn [53] (2002)-Thailand (e1) Takezaki [43] (2001)-China0.60 f: Beer Correa [31] (1985)-USA Boeing [49] (1991)-Germany Ye [52] (1988)-China D´Avanzo [50] (1994)-Italy De Stefani [78] (1989)-Uruguay Agudo [80] (1989)-Spain Wu [79] Figure 3A) reporting results between different types of meat intake (mutton, red meat, beef, fresh meat, grilled meat, pork) and GC risk [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [42] [43] [44] [45] 51, 54] and 11 [31, 33, [35] [36] [37] [38] 40, [42] [43] [44] [45] of them suggested a positive association with at least one type of meat intake and GC risk, which was statistically significant in 2 studies [31, 37] carried out in the USA. We found 14 publications [18, [33] [34] [35] [36] [37] [42] [43] [44] [45] [46] 48, 49, 55] with reported results on processed meat intake and GC risk ( Figure 3B ), and 12 of them [18, [33] [34] [35] [36] [37] 42, 45, 46, 48, 49, 55] showed a positive association while 4 were statistically significant [ 37, 45, 48, 49] . For dried/ salted or preserved fi sh ( Figure 3C) , we found 7 studies [ 32, 34, 38, 40, 41, 43, 56] reporting results, and 6 described a positive association with GC [34, 38, 40, 41, 43, 56] while 4 achieved statistical signifi cance [34, 40, 41, 56] . Three studies published results about smoked food intake and GC risk [17, 31, 65] and all of them showed a positive and signifi cant association. For pickled and preserved vegetables, 5 of 6 studies [41, 43, 44, 52, 53, 57] showed a positive association with GC, which was statistically significant in all of them [41, 43, 44, 52, 53] . Other food sources, such as beer [31, 49, 50, 52, [78] [79] [80] were analyzed, but only one study showed a signifi cant association with GC [79] .
We found 18 case-control studies [29, 30, 36, 42, 43, 45, 58, [60] [61] [62] [63] [64] 68, 71, 72] which published results on OC and different types of meat intake ( Figure 4A ). A positive association was observed in 11 of them [29, 42, 43, 45, 58, 63, 64, 66, 67, 70, 71] and was SS in 6 [29, 63, 66, 67, 70, 71] . For processed meat ( Figure 4B ), 8 [29, 36, 42, 43, 58, 64, 66, 69] of 9 stu dies [29, 36, 42, 43, 58, 64, 66, 67, 69] described a positive association with OC, which was SS in 5 studies [29, 43, 58, 67, 69] . Only 2 studies [43, 59] publishing results on preserved fi sh intake and OC showed a positive association, being SS in one [59] . The association between preserved vegetable intake and OC was reported in 5 studies [43, [59] [60] [61] 70] and a positive but not significant association was observed in three of them [43, 59, 61] .The two largest studies [61, 70] did not fi nd any association.
DISCUSSION
Nitrite and nitrosamine intake
Although the evidence on nitrite and nitrosamine intake from cohort studies is limited (Table 1) , results from casecontrol studies are quite consistent and support a positive relationship with GC. We did not fi nd any results about the relation with OC from cohort studies and few case-control studies reported results, therefore a conclusion about the relationship between OC and nitrite and nitrosamine intake is impossible.
Meat intake
Only few cohort studies have reported results regarding the relationship between red meat intake and GC and OC, showing a positive association in 2 of 3 studies of GC and in 1 of 2 studies on OC. However, there are a large number of case-control studies presenting results on meat intake and GC and OC. Most of them have found a positive association (11 from 16 for GC and 11 from 18 for OC) particularly for OC, and in most of these studies the association is SS. Overall the evidence from case-control studies supports a positive association between meat intake and GC and OC. However, meat is a common substrate to endogenous formation of NOC and also a source of other carcinogenic compounds, [30] (2005)-China (a2) Yu [29] (1993)-China e: Preserved vegetables (e1) Tran [30] (2005)-China (e1) Yu [29] (1993)-China CASE-CONTROL STUDIES a: Meat (a1) Tuyns [69] (1987)-France (a1) Launoy [66] (1998)-France (a5) Castelleto [62] (1994)-Argentina (a1) Tran [30] (2005)-China (a1) Hu [60] (1994)-China (a5) Ward [36] (1997)-USA (a4) Gao [61] (1994)-China (a6) Chen [42] (2002)-USA (a1) Castellsague [72] (2000)-S. America (a6) Brown [64] (1998)-USA (a5) Yu [29] (1988)-USA (a1) Li [71] (1989)-China (a6) De Stefani [58] (1999)-Uruguay (a1) Takezaki [43] (2001)-China (a6) Bosetti [68] (2000)-Italy (a6) Zhang [45] (1997)-USA (a4) Levi [67] (2000)-Switzerland (a5) Rolon [63] [68] (2000)-Italy (b1) De Stefani [58] (1999)-Uruguay (b2) Brown [64] (1998)-USA (b2) Chen [42] (2002)-USA (b2) Ward [36] (1997)-USA (b2) Chen [42] (2002)-USA (b3) Yu [29] (1988)-USA (b1) Takezaki [43] (2001)-China (b2) Levi [70] (2004)-Switzerland (b2) Levi [67] (2000)-Switzerland c: Preserved fi sh (c2) Takezaki [43] (2001)-China (c2) Cheng [59] (1992)-China e: Preserved vegetables (e1) Hu [60] (1994)-China (e2) Li [71] (1989)-China (e3) Gao [61] (1994)-China (e1) Takezaki [43] (2001)-China (e1) Cheng [59] (1992)-China OR (95% CI) 
B
such as heterocyclic amines (HA) and polycyclic aromatic hydrocarbons (PAH) which should be taken into account.
Processed meat intake
Most of the relatively few cohort studies showing results on processed meat intake and GC risk have found no association between them. However, several of these studies considered only a small number of GC cases and food items. No cohort study has shown results on processed meat intake and OC. However a relatively large number of case-control studies have shown quite consistent results supporting a positive association between processed meat intake and GC and OC risk (10 of 14 studies on GC and 8 of 9 studies of OC), which were SS in most of them, particularly regarding OC.
Preserved fi sh intake Regarding GC risk and preserved fi sh intake (particularly dried and salted), inconsistent results were found between case-control and cohort studies. While the case-control studies supported a positive association, the cohort studies did not, although most of them had a small number of cancer cases, and confidence intervals were wide. Therefore, further evidence is needed. No evidence is available from cohort studies in relation with OC and the few case-control studies showed a possible positive association.
Preserved vegetable intake
Results from case-control studies support a positive association between pickle and other preserved vegetable intake and GC risk. Almost all the studies have shown a positive and significant association. Cohort studies have also observed a positive but not significant association, although the number of cancer cases was small. Most of the studies were carried-out in Asian countries. To date, results on OC risk are inconsistent, but the number of studies is small.
Smoked food intake
Although the evidence is too limited for a definitive conclusion, it supports a positive association between smoked food intake and GC risk. No evidence exists for OC risk.
Beer drinking
So far the evidence is limited, but the majority of studies support a not signifi cantly positive association with GC.
Limitation of evidence
Only 2 cohort [11, 12] and 9 case-control studies [16, 21, [22] [23] [24] [25] [26] [27] [28] of 65 studies included in this review have published results on nitrite or nitrosamine intake in relation to GC or OC risk. This could be due to the absence of a complete food composition table for NOC content in foods [72] .For the remainder, the estimation of dietary exposure to NOC and their precursors were done indirectly through foods identifi ed as sources of them.
All the results could be affected by measurement errors in the dietary intake, a common limitation of epidemiological studies. FFQ do not usually collect detailed and complete information about preservation and processing methods of all potential food sources of nitrosamines. In addition, the small number of food items usually included in the FFQ and/or lack of portion size information does not permit accurate estimation of nitrosamine and total food intake. The observed range of total food items in the FFQ varied between 22 and 81 in the studies used. Therefore, it could be expected that not all the studies have achieved an accurate assessment of the intake of these compounds. However, despite the fact that some studies have estimated adequately the exogenous intake of nitrosamines, none of them had information about endogenous NOC. It was reported that endogenous synthesis could contribute to 45%-75% of the total human exposure [3] . However, recent studies carried out in humans have shown that endogenous NOC could be up 30-fold higher than exposure from dietary sources [73] [74] [75] , suggesting that we are actually measuring a small part of the total dietary human exposure to NOC, and therefore underestimating their effect.
In relation to possible factors that could modify the effect of NOC, few studies considered the intake of vitamin C or smoking habits. None of the studies on GC adjusted their results to consider H pylori infection. This is important because H pylori decreases the levels of vitamin C, a recognized inhibitor of endogenous nitrosamine formation [76] . On the other hand, red meat is a source of iron which is considered an essential growth factor for H pylori [77] . Therefore, some interaction with meat is expected. Finally, it is also important to take into account interactions with genes, particularly with polymorphisms of metabolic genes involved in the metabolism of NOC or DNA repair genes, which so far have been poorly studied.
Conclusions and future directions
At present, available epidemiological evidence from casecontrol studies on nitrite and nitrosamine intake supports a positive association with GC risk. The evidence in relation with OC is insuffi cient. There is quite consistent evidence from case-control studies about the positive association between meat and processed meat intake with both GC and OC risk. There is also quite consistent evidence from case-control studies about the positive association between preserved fi sh and preserved vegetable intake and GC risk, although results are more inconsistent in cohort studies. We have found a suggestive indication of a positive association between GC risk and smoked food intake. However, evidence about the effect of preserved fi sh and vegetable intake on OC risk is more limited, suggesting that there is no association between beer intake and GC although the evidence is still limited. Overall, more prospective cohort studies are needed to permit defi nitive conclusions, and should include a large number of cancer cases, dietary questionnaires with a large and detailed number of food items, good estimation of portion size, and control for all known confounding variables in a population with a wide range of food intake.
Evaluating the role of selected genotypes involved in the metabolism of these chemical compounds and DNA repair potentially related to the risk of cancer, is also useful. On the other hand, taking into account that endogenous production seems to be the most important contributor to total NOC exposure, validated methodologies that allow an accurate assessment of production are needed. Therefore, measurement and quantification of DNA adducts of nitrosamines in humans may be the most direct way to assess both sources (exogenous and endogenous) and provide the best biomarker of exposure [6] . In summary, prospective studies with long followup periods and validated methodologies quantifying all sources of exposure are needed to confirm the role of NOC in gastric and oesophageal carcinogenesis.
